To determine the possible differences in glycaemic index (GI) depending on (1) the analytical method used to calculate the 'available carbohydrate' load, that is, using carbohydrates by difference (total carbohydrate by difference, minus dietary fibre (DF)) as available carbohydrates vs available starch basis (total starch minus resistant starch (RS)) of a food rich in intrinsic RS and (2) the effect of GI characteristics and/or the content of indigestible carbohydrates (RS and DF) of the evening meal prior to GI testing the following morning. Design: Blood glucose and serum insulin responses were studied after subjects consuming (1) two levels of barley kernels rich in intrinsic RS (15.2%, total starch basis) and (2) after a standard breakfast following three different evening meals varying in GI and/or indigestible carbohydrates: pasta, barley kernels and white wheat bread, respectively. Subjects: Healthy adults with normal body mass index. Results: (1) Increasing the portion size of barley kernels from 79.6 g (50 g 'available carbohydrates') to 93.9 g (50 g available starch) to adjust for its RS content did not significantly affect the GI or insulin index (II). (2) The low GI barley evening meal, as opposed to white wheat bread and pasta evening meals, reduced the postprandial glycaemic and insulinaemic (23 and 29%, respectively, Po0.05) areas under the curve at a standardized white bread breakfast fed the following morning. Conclusion: (1) Increasing portion size to compensate for the considerable portion of RS in a low GI barley product had no significant impact on GI or II. However, for GI testing, it is recommended to base carbohydrate load on specific analyses of the available carbohydrate content. (2) A low GI barley evening meal containing high levels of indigestible carbohydrates (RS and DF) substantially reduced the GI and II of white wheat bread determined at a subsequent breakfast meal.
Introduction
The glycaemic index (GI) is a classification of the blood glucose-raising potential of carbohydrate foods. It is defined as the incremental blood glucose area under the curve (AUC) following a test food, expressed as the percentage of the corresponding area following a carbohydrate equivalent load of a reference product. An insulin index (II) can be calculated synonymously to the GI from postprandial incremental insulinaemic areas. In general, the insulin response is highly correlated to glycaemic response (Björck et al., 2000) . However, there are exceptions, like, for example, milk and milk products (Ö stman et al., 2001) .
Low GI foods, by virtue of the slow digestion and absorption of their carbohydrates, produce a more gradual rise in blood sugar and insulin levels, and are increasingly associated with health benefits. Low GI foods have thus been shown to improve the glucose tolerance in both healthy and diabetic subjects Wolever et al., 1988; Liljeberg and Bjorck, 2000) . Further, a diet characterized by low GI has been shown to decrease the risk factors for diabetes and dyslipidaemia in semi-long-term studies ( Jenkins et al., 1987b; Brand et al., 1991; Fontvieille et al., 1992; DelPrato et al., 1994; Järvi et al., 1999) . Epidemiological evidence indicates a preventive role of low GI diets in relation to cardiovascular disease and type II diabetes (Salmeró n et al., 1997a, b) . FAO/WHO (1998) recommended an increased intake of low GI foods, with emphasis on diabetics and subjects with impaired glucose tolerance. In the most recent WHO report, 'Diet nutrition and the prevention of chronic diseases' (FAO/WHO, 2003) , the preventive potential of low GI diets in relation to obesity and diabetes was graded as 'possible'. The evidence for such a possibility was recently strengthened by data from a crosssectional study demonstrating a positive relation between dietary GI and insulin resistance, and prevalence of metabolic syndrome (McKeown et al., 2004) .
Since the GI concept was first launched in the early 80s, a considerable number of carbohydrate foods have been characterized. In the most recent review, data from more than 1000 foods have been compiled into an international table of glycaemic indices (Foster-Powell et al., 2002) . The data confirm that carbohydrate foods vary considerably in glycaemic impact. An important number of commercially available foods have been analysed, particularly representative of the market in Australia, Canada, United States and United Kingdom. Valuable information is also present regarding the GI of certain indigenous foods. In some cases, the data offer possibilities to draw conclusions regarding the GI of entire food groups. It should be noted, though, that a number of the low GI products included are 'experimental products' designed to answer specific academic questions regarding impact of various food factors on GI. The information in the table thus tends to overestimate the availability of low GI alternatives. Since many of the current staple foods are of high GI (Foster-Powell et al., 2002) , there is a challenge for the academy to provide generic knowledge concerning food factors to be exploited to reduce the GI of common foods, in particular cereal foods. The differences in the glycaemic response to food products are mainly related to differences in the rate at which the carbohydrates are digested and absorbed. It is possible to significantly lower the rate of digestion and absorption of starch in foods, hence lowering the GI (Björck, 1996) , and for the food industry it is important to implement such knowledge into consumer products with adequately documented GIs.
The GI data available in the international tables have been compiled over time in different laboratories, using not only different types of test subjects but also somewhat different procedures for measurement and calculation of GI. With an increasing interest in the GI characteristics of food, there is a need to develop standards regarding the procedure for GI determinations. The general principles for determination and calculation of GI have been described previously, most recently in the FAO/WHO document 'Carbohydrates in Human Nutrition ' (FAO/WHO, 1998) . Recently, the various steps involved in the GI methodology were discussed and potential problems highlighted with the purpose of initiating development of an international standard (Brouns F et al., 2005) . As yet, few attempts have been made to evaluate the performance of the GI methodology in different laboratories. In one interlaboratory study, the GI of five foods was measured in seven laboratories (Wolever et al., 2003) . The mean GI values of the different foods did not differ considerably in different laboratories. The estimated between-laboratory standard deviation of GI values for the different foods (range 35-91) was 10.6, which was reduced to 9 when excluding data from two laboratories using venous blood sampling. A major finding was that random withinsubject variation explained much of the difference in the GI of similar foods. It should be noted though that the different laboratories used different procedures for analysis and estimation of carbohydrate load in the case of the white wheat bread product. The preparation of food may also have varied depending on the local tradition, which may have contributed to the between-laboratory deviation. Finally, the blood sampling procedure differed, and the use of venous plasma was associated with much larger within-subjects variation than the use of capillary blood (Wolever et al., 2003) .
Concerning the choice of method for estimation of the available carbohydrate load, many food factors that reduce the rate of amylolysis also lower the total starch digestibility in the small intestine. Many low-GI starchy foods frequently contain a starch fraction, resistant starch (RS), which resists digestion and absorption altogether (Björck et al., 2000) . In the suggested procedure for GI determination (FAO/WHO, 1998), the available carbohydrate load was defined by difference as 'total carbohydrate by difference, minus dietary fibre (DF) analysed by the AOAC method ' (AOAC, 1995) . However, for products rich in RS, the by-difference approach may overestimate the available, glycaemic carbohydrate load, since certain types of RS may not be recovered as DF, due to: (1) the disintegration of botanically encapsulated starch during the sample preparation; (2) the presence of a low-molecular-weight RS fraction that escapes precipitation procedures; or (3) the presence of retrograded resistant amylose being digested by thermo-stable amylases when using gravimetric methods for DF analysis. Consequently, the carbohydrate load using total carbohydrates by difference, minus DF may include certain types of RS.
Another concern is the extent to which the features of the meal ingested prior to determination of the glycaemic excursions of a test meal may affect the GI obtained. Consequently, the glycaemic responses to an oral glucose load in the morning were significantly lower after a low GI dinner (lentils) than after a high GI dinner (glucose) . Similarly, the glucose tolerance in the morning following an evening meal with barley was significantly improved compared with an evening meal with Determination of glycaemic index Y Granfeldt et al rice (Thorburn et al., 1993) . Besides differences in GI, these evening meals differed also in gross nutrient composition and with respect to DF, the low GI evening meals being considerably richer sources of DF in both of these studies. The limited data available indicate that the glycaemic excursions, as measured in the morning after an overnight fast, may be affected by the choice of the previous evening meal.
The purpose of the present study was to determine the possible differences in GI of a test meal depending on (1) the analytical method used to calculate the 'available carbohydrate' load, that is, using carbohydrates by difference (total carbohydrate by difference, minus DF) as available carbohydrates vs available starch basis (total starch minus RS) of a food rich in intrinsic RS and (2) the GI characteristics and/or the content of indigestible carbohydrates (RS and DF) of the evening meal prior to GI testing the following morning. The study is an extension of the interlaboratory study previously published in this journal (Wolever et al., 2003) .
Material and methods
Study 1: GI and II of the cereal based test meals; influence of analytical procedure to estimate available carbohydrate load Products and analyses. The test products were barley kernels (Pot barley from Goudas Food Products, Concord, ON, Canada), and spaghetti made from 100% durum semolina (Unico, Concord, ON, Canada). A measure of 'available carbohydrates' in barley and spaghetti was obtained as total carbohydrate by difference, minus DF, analysed using AOAC methods (AOAC, 1995) . This measure provides an estimate of the available carbohydrate content, but leads to overestimations in the case of presence of certain RS fractions which are not recovered as DF (e.g. botanically encapsulated starch which is present in high amounts in barley but destroyed by sample milling). Based on this estimate, which is in accordance with the recommended procedure for GI determination (FAO/WHO, 1998), portion sizes of 79.6 g uncooked barley and 72.3 g uncooked spaghetti, respectively, were calculated to provide 50 g 'available carbohydrates'. To allow a more specific measure of the available starch content, the total starch and RS contents of the boiled barley were measured using an in vitro technique based on chewing and enzyme incubation at physiologic conditions (Å kerberg et al., 1998) , and the available starch content calculated as total starch less RS. Total starch amounted to 71/100 g (dry basis) in barley kernels; 15.2% of this fraction was RS (10.8/ 100 g) and the calculated available starch content was 60.2/ 100 g (dry basis) in barley kernels. Thus, an additional barley test meal was included using a portion size of 93.9 g uncooked barley kernels, which was equivalent to 50 g available starch, thus compensating for the fact that a substantial fraction of starch in the barley was RS (Table 1) . The 79.6 and 93.9 g portions of barley kernels were boiled in 210 and 242 ml water, respectively, for 20 min, until all water was absorbed. The spaghetti (72.3 g) was boiled in an excess of water (500 ml) for 15 min.
As a reference a white wheat bread was used, baked in our laboratory in a home baking machine (Elektro Helios BA 10, Sanyo, Tokyo) (Liljeberg and Björck, 1994) . The bread was cooled and cut into slices. The crusts were removed, the slices weighed and a portion was frozen until used. Available starch in white wheat bread was analysed according to Holm et al. (1986) and a portion size of 120.9 g was calculated to provide 50 g available starch.
Total DF (Asp et al., 1983) was analysed gravimetrically in boiled barley kernels, and values were corrected for remaining starch. DF and RS in white wheat bread and spaghetti have been measured previously (Liljeberg et al., 1999) . Liljeberg et al. (1999) .
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Study design
Glycaemic and insulinaemic responses were determined for spaghetti and barley kernels using white wheat bread as reference. The barley kernels were tested at two levels and included either on the basis of 'available carbohydrates', estimated as carbohydrates by difference, minus DF (including a substantial amount of RS present), or available starch (excluding RS) (see above). In all, 10 healthy volunteers, four women and six men aged 24-33 years, with normal body mass indexes (mean: 23.871.4 kg/m 2 ) participated in the study. None of the subjects were taking medication. The test meals were served with 150 ml water and 150 ml regular coffee or tea (consistent within each subject for each treatment); no milk or sugar was allowed in either of the beverages. The subjects were served the test meals and the reference bread in random order on three separate occasions at the same time in the morning after an overnight fast. The meals were eaten within 10 min. Finger-prick capillary blood samples were taken before the meal and at 15, 30, 45, 60, 90 and 120 min for analysis of glucose and at 0, 15 30, 45, 90 and 120 min for analysis of insulin. Blood glucose concentrations were determined with glucose oxidase peroxidase reagent and serum insulin concentrations were determined with an ELISA method (Biorad, Coda Automated EIA Analyzer). GI and II values were calculated from the 90-min incremental postprandial blood glucose and insulin AUCs, with white wheat bread as the reference.
The Ethics Committee of the Faculty of Medicine, Lund University, Sweden, approved the study.
Study 2: Influence of the nutrient composition and GI features of GI and II to a standardized white wheat bread meal the subsequent morning (overnight study) Products. Overnight effects were tested in healthy subjects following three evening meals based on barley kernels, spaghetti and white bread, by evaluating glucose and insulin responses after a subsequent standardized bread breakfast meal. The evening test meals were the same as in study 1, selected to be different in GI properties and to vary in the amount of indigestible carbohydrates, that is, DF and RS. The carbohydrate load for barley kernels and spaghetti was 50 g 'available carbohydrates'. Thus, a portion size of 79.6 g barley kernels (Pot barley, Goudas Food products, Concord, ON, Canada) was boiled in 210 ml water for 20 min, where after all water was absorbed and 72.3 g spaghetti (Unico, Concord, ON, Canada) was boiled in excess of water (500 g) for 15 min. Also, the reference bread from study 1, baked in our laboratory (Liljeberg and Björck, 1994) , was included as an evening test meal. A portion size of 120.5 g bread was analysed (Holm et al., 1986) to provide 50 g available starch.
As standardized bread breakfast, commercial bread was used (Pågens Formfranska, Malmö, Sweden). The bread was kept frozen; the day before being used, it was thawed. Before serving the crusts were removed and the slices were weighed.
Available starch in the bread was analysed according to Holm et al. (1986) ; 109.6 g was the calculated amount to provide 50 g available starch.
In all, 14 healthy volunteers, seven women and seven men aged 24-34 years, with normal body mass indexes (mean: 24.472.5 kg/m 2 ) participated in the study. None of the subjects were taking medication. The evening before the test, the volunteers were instructed to prepare and eat one of the three evening meals at home, including spaghetti or barley kernels or white wheat reference bread. To drink, they had 150 ml water and 150 ml regular coffee or tea. On the test morning, the volunteers were served 50 g available starch (Holm et al., 1986) in the form of a standardized bread breakfast meal (109.6 g of Pågens Formfranska, Malmö, Sweden), 150 ml water and 150 ml regular coffee or tea were served with each meal (consistent within each subject for each treatment), no milk or sugar was allowed in either of the beverages. Thus, the subjects were served white wheat bread on three separate occasions at the same time in the morning after an overnight fast. The breakfast meals were consumed in about 10 min. Finger-prick capillary blood samples were taken before the meal and 15, 30, 45, 70, 95, 120 and 180 min after the meal for analysis of glucose and at 15, 30, 45, 95 and 120 min for analysis of insulin. Blood glucose concentrations were determined with glucose oxidase peroxidase reagent and serum insulin concentrations were determined with an ELISA method (Biorad, Coda Automated EIA Analyzer). The Ethics Committee of the Faculty of Medicine, Lund University, Sweden, approved the study.
Calculations and statistical methods
The incremental AUCs for glucose and insulin were calculated for each subject and meal by using GraphPad PRISM (version 3.02; GraphPad Software Inc, San Diego). In study 1 AUC 0-90 and 0-120 min postprandial were calculated, and in study 2 AUC 0-95 and 0-120 min postprandial. All AUCs below the baseline were excluded from calculations. The AUCs were expressed as means7s.e.m.'s. Significant differences among the AUCs were assessed with a general linear model (ANOVA), followed by Tukey's multiple comparison test (MINITAB, release 13.32; Minitab Inc., State College, PA, USA). Differences resulting in P-values o0.05 were considered significant.
Results
Study 1: GI and II of the cereal-based test meals; influence of analytical procedure to estimate available carbohydrate load The increase in the portion size of barley kernels from 79.6 (50 g 'available carbohydrates' estimated from analysis of Determination of glycaemic index Y Granfeldt et al total carbohydrates by difference less DF) to 93.9 g (50 g available starch obtained from analysis of total starch less RS) to adjust for its RS content did not significantly affect the GI or the II of the barley kernel meal (Table 1, Figures 1 and 2 ). No differences appeared in GI or II whether using 90 or 120 min areas for calculation (Table 1 ). The GI's (90 min) were 53 and 59, respectively based on 50 g 'available carbohydrates' by difference or specific analysis of available starch. The IIs (90 min) obtained for the two barley meals were the same (II ¼ 50) irrespective of the portion size studied. Further, GI (90 min) and II (90 min) of spaghetti were determined to be 54 and 53, respectively ( Table 1 ). The amount of RS in barley kernels was 15.2% (total starch basis) and the amount of DF, 12.1% (dry matter). Thus, total amount of indigestible carbohydrates, that is, DF and RS, in the barley meals were high. The portion size calculated on 50 g 'available carbohydrate' basis contained 16.1 g indigestible carbohydrate, of which 8.5 g was DF and 7.6 g RS (Table 1) .
Study 2: Influence of the nutrient composition and GI features of GI and II to a standardized white wheat bread meal the subsequent morning (overnight study) The spaghetti and the barley evening meals were similar with respect to GI and II (90 min) (spaghetti GI ¼ 54, II ¼ 53; barley kernels GI ¼ 53, II ¼ 50), but very different regarding the content of indigestible carbohydrates (spaghetti 2.2 g, barley kernels 16.1 g) ( Table 1 ). The mean fasting levels of blood glucose at the morning of the test were not significantly different (Table 2 ). Blood glucose concentrations determined after the standardized bread breakfast meal following the various evening meals are shown in Figure 3 . At 30 min after the standardized breakfast, a significantly Figure 2 Mean incremental serum insulin responses after ingestion of barley kernels tested at two levels: on the basis of 'available carbohydrates' (') and available starch (m), respectively. Determination of glycaemic index Y Granfeldt et al lower blood glucose response was seen following the evening meal with barley kernels compared with the evening meals with spaghetti or white reference bread, respectively. Also, the glucose AUC (0-95 min) ( Table 2 ) after breakfast following the evening meal with barley kernels was significantly lower than the corresponding area following the reference bread as evening meal. Thus, the incremental postprandial glucose areas were 99.0 and 76.7 (mmol min/l), respectively, following the evening meals with white wheat bread and barley kernels, respectively, a reduction of approximately 23%. No significant difference in glycaemia after breakfast was noted following pasta in comparison with white wheat bread as evening meal. Serum insulin concentrations determined at the standardized breakfast meal following the three different evening meals are shown in Figure 4 . At 30 min after the standardized breakfast, a significantly lower insulin response was observed following the evening meal with barley kernels compared with the evening meals with spaghetti or reference bread. At 45 min after the standardized breakfast, both spaghetti and barley kernels as evening meals gave a significantly lower insulin response compared with white wheat bread. The incremental insulinaemic area (0-90 min) after the standard breakfast was significantly smaller (12.0 nmol min/l) following barley kernels as evening meal compared with white wheat reference bread as evening meal (16.8 nmol min/l) ( Table 2 ).
time (min) serum insulin (nmol/L)
Discussion
One topic of interest with respect to standardization of the methodology for GI determination concerns the definition and analysis of the 'available' carbohydrate portion, which offers certain analytical problems in particular in the case of partially available substrates such as starch. In this study, the carbohydrate load, that is, available carbohydrates in the barley meal, was determined using two different methods; available carbohydrates analysed as total carbohydrates by difference, minus DF, according to the AOAC methods, and total starch minus RS, resulting in two portion sizes of 93.9 (50 g available starch) and 79.6 g (50 g available carbohydrates including RS) of uncooked barley kernels, respectively. Despite different glycaemic loads in the two portions, no significant differences were found in GI. This is in accordance with a previous study (Granfeldt et al., 1995) with high-amylose corn, where no differences in glucose or insulin responses were seen between two Arepa meals made from high-amylose corn whether including the RS fraction in the carbohydrate load or not, despite a 36% difference in available starch intake (29 instead vs 45 g). Both barley kernels and high-amylose bread have a high amount of RS due to physically inaccessible starch and/or retrograded starch. In accordance, 50 and 100 g carbohydrate loads in the form of boiled barley gave identical glucose and insulin responses in studies by Wolever and Bolognesi (1996) . When formed intrinsically in a food product, it seems that the phenomena that is responsible for the presence of RS lowers the rate of digestion of the available starch portion to such an extent that the size of the carbohydrate load is not critical for the glucose and insulin response. This may have implications when applying the glycaemic load concept to low GI foods, and in a recent study by Brand-Miller et al. (2003) the glycaemic area following low GI products such as legumes and rice was lower than predicted from the glycaemic load.
However, a standardized method for GI determination should preferably base the determination of available carbohydrates on specific analysis, and in the case of starchy foods several analytical procedures are at hand, allowing separate analysis of available starch and RS (Englyst et al., 1992; Faisant et al., 1995; Å kerberg et al., 1998) . This is Figure 4 Mean incremental serum insulin concentrations after a standardized white wheat bread breakfast, following the evening test meals: spaghetti (.) or barley kernels (m), and a reference white wheat bread (').
Determination of glycaemic index Y Granfeldt et al particularly important in the case of foods to which RS has been added, and estimation of carbohydrate load from determination of carbohydrates by difference may importantly overestimate the content of glycaemic carbohydrates, leading to an underestimation of the food portion size to be tested. The exchange of available carbohydrates for indigestible starch, such as RS, may affect glycaemia, but through another mechanism. Whereas substantial evidence is present in favour of the lente concept (low GI foods), the metabolic impact of a mere lowering of the available carbohydrate content remains to be elucidated (Bravata et al., 2003) .
Another objective of this study was to evaluate the importance of the characteristics of the evening meal prior to determination of glycaemia after a standardized breakfast. Three cereal evening meals, white wheat reference bread, spaghetti and barley kernels, were tested with respect to their effects on glucose tolerance at a following standardized white wheat bread breakfast. The results show that the low GI barley meal (GI ¼ 53) rich in indigestible carbohydrates improved postprandial glucose tolerance after breakfast the following day, whereas the evening with a low GI pasta meal (GI ¼ 54), made from refined durum wheat, had no such effect. The difference between the whole and refined grain products in the present study is not only the preservation of the bran and germ in the barley, the meal with barley also contained appreciable amounts of RS (7.6 g). Consequently, the barley meal contained importantly higher amounts of indigestible and fermentable carbohydrates (DF and RS), or 16.1 g compared with 2.1 and 2.2 g for white wheat bread and spaghetti, respectively. That is, 24% of the total carbohydrates present in barley are likely to reach the colon for fermentation. According to Jenkins et al. (1987a) , in ileostomate volunteers, approximately 27% of the total carbohydrates in barley escapes digestion in the small intestine. The result from our study might suggest that the content of indigestible carbohydrates is involved in the benefits seen on glucose tolerance after breakfast the following morning. The reduction in glucose and insulin area at the standardized bread breakfast meal was approximately 23 and 29%, respectively, following the barley evening meal. No corresponding blunting effect was noted following pasta as evening meal. In contrast, a pasta breakfast improved glucose tolerance and lowered triglyceride levels at a standardized lunch ingested 4 h later, compared with a white bread breakfast (Liljeberg and Bjorck, 2000) . A similar improvement in glucose tolerance from breakfast to lunch has been seen also with a low GI (GIE74) lactic-acid-containing bread (Ö stman et al., 2002) . Also, ingestion of guar gum as supplement to a glucose load lowered glycaemic excursions and, in addition, improved glucose tolerance in healthy subjects at a proceeding test meal ingested 4 h later (Jenkins et al., 1980) . As judged from present knowledge, the mechanism for benefits in the perspective from breakfast to lunch probably relates to the slow release features of the available carbohydrate portion per se, and pasta appeared to be particularly advantageous.
With respect to the overnight effects on glucose tolerance, there is evidence in support of a mechanism involving colonic fermentation of indigestible carbohydrates. Accordingly, an evening meal with barley kernels, but not rice, improved glucose tolerance and lowered FFA the following morning in healthy subjects (Thorburn et al., 1993) . However, plasma insulin concentrations were not significantly different in the morning after the barley and rice evening meals. Also, an evening meal including both barley and lentils, but not instant potato and whole meal bread, improved glucose tolerance the following morning in healthy subjects . In both these studies, the evening meals capable of affecting glucose tolerance the subsequent morning have not only been low GI but also rich sources of indigestible carbohydrates. A higher content of indigestible carbohydrates may act to increase the colonic production of propionic acid, which has been implemented as a moderator of hepatic glucose (Venter et al., 1990) and lipid metabolism (Wolever et al., 1989) . It could thus be hypothesized from our results that the barley meal, but not the pasta evening meal, promotes a higher fermentative activity in the colon, and hence improve glucose tolerance over a 10-h time frame, such that a beneficial effect would be observed at the breakfast meal the next day.
To magnify second meal effects on glucose tolerance and insulin demand, cereal products should preferably be of low GI and contain high levels of whole grain components. Epidemiological evidence supports the potential of such foods in the prevention of type II diabetes (Salmeró n et al., 1997a, b) and the insulin resistance syndrome (McKeown et al., 2004) .
The presently described overnight effects clearly demonstrate that the composition and characteristics of the evening meal may influence glucose tolerance the next morning. This finding has implications for the determination of GI, and may contribute to the intraindividual variation observed when determining the GI in the interlaboratory study (Wolever et al., 2003) . It is thus recommended that the evening meal is standardized prior to testing. The variability reported in glycaemic area of a standardized test depending on the characteristics of the evening meal prior to testing cannot be neglected. Consequently, the reduction in glycaemic area approached 23% in the present study, and was even higher or 30-38% in previous work on this topic Thorburn et al., 1993) . The overnight phenomenon also has important bearings when performing oral glucose tolerance tests for diagnostic purposes, and it is relevant to standardize the evening meal of a subject prior to performing an oral glucose tolerance test.
In the present study, GI and II for the test products (spaghetti and barley kernels) were calculated both based on the 90-and 120-min areas. No significant differences appeared in these parameters depending on the time frame for calculation (Table 1) . However, in a previous study in healthy elderly subjects, the time frame for calculation was critical in the case of spaghetti, and whereas the 90-min areas resulted in a significantly lower GI, the 120-min areas did not (Granfeldt et al., 1991) . Consequently, with certain products with slow release properties, the associated net increment in blood glucose in the late postprandial phase may obscure GI ranking based on the 120 min areas.
In conclusion, increasing portion size to compensate for the considerable portion of intrinsic RS in a low GI barley product had no significant impact on GI or II. However, for GI testin, it is recommended to base carbohydrate load on specific analyses of the available carbohydrate content, and the GI of a product containing rapidly digested starch to which RS has been added may result in a falsely low GI when using the nonspecific by difference procedure to calculate the carbohydrate load. Finally, the GI may be affected by the characteristics of the evening meal eaten the evening before testing. In particular, a low GI barley meal containing high levels of indigestible carbohydrates reduced glycaemic response the subsequent morning. The mechanism is probably linked to the indigestible carbohydrates because a spaghetti evening meal of similar and low GI had no impact on glycaemic excursion the following morning.
